Overeating can be problematic, and is a factor in the development of obesity as well as in eating disorders. Recent data suggest that in the United States, 35.7 percent of adults are overweight and 33.1 percent are obese (Flegal, Carroll, Kit, & Ogden, 2012) . By the year 2030, 51 percent of U.S. adults are predicted to be obese (Finkelstein et al., 2012) . Obesity is associated with cardiovascular disease, Type II diabetes, cancer, osteoarthritis, psychological impairment, poor quality of life (Dixon, 2010) and all-cause mortality (Flegal & Kalantar-Zadeh, 2013) . Rates of overeating, or eating beyond energy requirements, are especially high in overweight samples, with up to 80% of overweight adults regularly endorsing overeating (Thomas, Doshi, Crosby, & Lowe, 2011) . Binge eating is a more extreme form of overeating, which is characterized by feelings of loss of control and the consumption of a large amount of food, typically within a discrete amount of time (American Psychiatric Association, 2013) . Studies from treatment seeking populations using interview-based assessments suggest that 23%e 46% of obese individuals report engaging in binge eating behavior (Spitzer et al., 1992; Dymek-Valentine, Rienecke-Hoste, & Alverdy, 2004; Gormally, Black, Daston, & Rardin, 1982; Marcus, Wing, & Lamparski, 1985) . However, evidence from ecological momentary assessment studies suggests that binge eating among overweight individuals is more prevalent (66%e100%) than current research suggests (Greeno, Wing, & Shiffman, 2000; le Grange, Gorin, Catley, & Stone, 2001) . Individuals with binge eating are at higher risk for psychiatric comorbidities, health problems, weight gain and poorer quality of life than individuals without binge eating (Rieger, Wilfley, Stein, Marino, & Crow, 2005; Wonderlich, Gordon, Mitchell, Crosby, & Engel, 2009) . Not surprisingly, patients with binge eating have more modest weight losses during weight loss programs than those without binge eating (Grilo, Masheb, Wilson, Gueorguieva, & White, 2011; Reas & Grilo, 2008) . Since binge eating is highly prevalent among obese individuals and a risk factor for poor treatment outcome, there is a critical need for new treatments designed to explicitly target overeating and binge eating. Directly treating overeating and binge eating could result in enhanced weight loss and weight loss maintenance in overweight adults.
The most well established treatments for individuals who binge eat include cognitive behavioral treatment (CBT) and interpersonal therapy (IPT) (Wilson, Wilfley, Agras, & Bryson, 2010; Devlin et al., 2005; Brownley, Berkman, Sedway, Lohr, & Bulik, 2007; Wilfley et al., 2002) . CBT focuses on disrupting the restraint/binge cycle by improving maladaptive thoughts surrounding eating, shape, and weight, and encouraging healthy weight control behaviors (Iacovino, Gredysa, Altman, & Wilfley, 2012; Fairburn, Cooper, & Shafran, 2003) . IPT addresses interpersonal difficulties that often accompany and may maintain the symptoms of Binge Eating Disorder (BED) (Rieger et al., 2010) . These treatments produce remission rates of 40e60% and improvements in eating disorder psychopathology, but interestingly fail to produce significant weight loss (Grilo et al., 2011; Wilson et al., 2010) . Conceptually, talk therapies such as CBT and IPT, assume that individuals can access and consciously control cognitive factors that contribute to and maintain binge eating behaviors. Dual process theories (Kahneman, 2003; Strack & Deutsch, 2004) suggest that implicit processes (i.e. attention and approach biases to food) may exert control over behavior, even when the behavior is in opposition to long-term goals. These implicit processes may not be adequately addressed in CBT or IPT, and may be contributing to the persistence of binge eating.
Calorically-dense foods cues can capture attention (Harrar, Toepel, Murray, & Spence, 2011) , and certain individuals, such as those who are overweight or obese or who binge eat, could exhibit hyper-reactivity to the salient properties of food coupled with motivations to engage in appetitive behaviors (Davis et al., 2009 ). In the brain, responsiveness to food and the general processing of reward and pleasure is mediated by dopamine in the mesocorticolimbic system (Volkow, Wang, Fowler, Tomasi, & Baler, 2012; Berridge, Ho, Richard, & DiFeliceantonio, 2010) . Dysregulated dopamine-based reward circuitry has been implicated in both binge eating and obesity (Volkow et al., 2012; Davis et al., 2013) . Incentive sensitization theory (Berridge, 1996 (Berridge, , 2009 Robinson & Berridge, 1993) suggests that incentive salience (i.e. drive to eat, wanting of food) develops through repeated pairings of food cues with food intake in vulnerable individuals. Over time, through associative conditioning, dopamine-based reward circuitry becomes hyper-sensitized to stimuli associated with food, resulting in biased processing of food-related cues. Food cues become attention grabbing and hyper-salient, triggering motivational states of craving, biased attention in the salience network, and increase the likelihood of consumption (Nijs & Franken, 2012) . If cognitive processes are biased towards food temptations, it could become increasingly difficult to ignore and resist these temptations, even when trying to exert behavioral control.
The research on attention bias to food cues and binge eating is in its infancy, relative to other disorders, such as anxiety. It is important to note that research on individuals who are obese without diagnosed BED indicates that weight exerts a differential influence on attention biases (Doolan, Breslin, Hanna, & Gallagher, 2015) . Data on overweight patients with BED also shows that they have impaired attention biases compared to obese patients without BED.
To date, there are five studies that have directly compared overweight BED participants to overweight non-BED participants (Svaldi, Tuschen-Caffier, Peyk, & Blechert, 2010; Schag et al., 2013; Seeley et al., 2007) . Two studies evaluated initial orientation to food cues; one found that both BED and non-BED groups initially fixated on food versus neutral stimuli (Schag et al., 2013) , while the other found an early stimulus orientation effect only among BED participants compared to overweight females without BED . BED participants correctly identified food stimuli targets presented shortly after neutral targets more than overweight non-BED controls, demonstrating increased (biased) food perception in BED . Two studies found differences in sustained attention processes among women with BED versus overweight women without BED using event related potentials and eye tracking methods (Svaldi et al., 2010; Schag et al., 2013) , suggesting potentially heightened and longer attention processing of food stimuli. Similarly, one study showed individuals with BED had more difficulties disengaging from and inhibiting responses to food stimuli (Seeley et al., 2007) . Furthermore, one study using the antisaccade task indicated that individuals with BED might be more "visually impulsive," suggesting less control over their attention, than both obese non-BED and healthy weight participants (Schag et al., 2013) . Interpretation of this research is limited by differing measures (eye tracking (Schag et al., 2013) , antisaccade (Schag et al., 2013) , ERP (Svaldi et al., 2010) , clarification task , spatial cueing task ), small sample sizes, and varying motivational states (hunger vs satiety). However, this emerging body of data suggests that attention biases to food could be along a spectrum, with healthy weight participants having the least impaired and overweight patients with BED having the most impaired.
Considering that attention bias may play a role in maintaining the underlying motivational salience of food cues, it is possible that by reducing attention bias to approach foods, the drive to eat and binge eating will decrease. Cognitive researchers developed computer programs to train attention resources away from salient stimuli by implicitly training attention away from salient stimuli toward neutral stimuli. These Attention Bias Modification Programs (ABM) theoretically improve an individual's ability to disengage attention from stimuli (MacLeod & Clarke, 2015; Kuckertz & Amir, 2015) . ABM programs have been examined primarily in anxiety disorders and have been related to changes in activation of the prefrontal cortex to emotional stimuli, implying improved top down control of attention as a result of training (Browning, Holmes, Murphy, Goodwin, & Harmer, 2010) . More recently, ABM programs have been developed for appetitive stimuli, including substance use disorders (McGeary, Meadows, Amir, & Gibb, 2014; Lopes, Pires, & Bizarro, 2014; Schoenmakers et al., 2010) . However, there is very little research on ABM for food.
Meta analyses show that ABM programs have reliable effects in changing attention bias to engage salient cues in anxiety and depression (Beard, Sawyer, & Hofmann, 2012; Heeren, Mogoase, Philippot, & McNally, 2015; Linetzky, Pergamin-Hight, Pine, & Bar-Haim, 2015; Mogoaş e, David, & Koster, 2014) . At this time, there are too few studies to conduct metanalyses for appetitive stimuli. Interestingly, recent research suggests that the direction of the contingency between probes and cues may not be as important as originally thought (Heeren, Mogoase, McNally, Schmitz, & Philippot, 2015; Klumpp & Amir, 2009) . For example, one study assigned individuals with social anxiety disorder to one of three ABM conditions; training toward non-threat, training toward threat, or no-contingency condition (Heeren et al., 2015b) . All groups showed decreases in self-report and behavioral indices of anxiety, suggesting that training attention in general may strengthen top-down attention control which can have an impact on anxiety. These and other questions will need to be evaluated in ABMs which target attention bias to food cues.
Only a few studies have evaluated ABMs with overeating and/or binge eating. Using a dot probe training, undergraduate women who like chocolate were trained to direct their attention toward or away from pictures of chocolate (Kemps, Tiggemann, Orr, & Grear, 2014) . Attention biases increased in the 'attend' group and decreased in the 'avoid' group, and participants trained to avoid ate less chocolate on a taste test than those trained to attend. Using the same methodology, a single session training was compared with five weekly trainings (Kemps, Tiggemann, & Elford, 2015) . Results showed decreased chocolate consumption for those trained to avoid in the 5-week training group only. Further training effects were maintained for 24 h and one week following the 5-week training and not the single session training, suggesting a need for repeated training. Similarly, in healthy weight females, modification of attention to chocolate using an anti-saccade training showed that participants trained to attend chocolate ate more chocolate than those trained to attend to shoes; however this effect was only apparent among those with high accuracy on the task (Werthmann, Field, Roefs, Nederkoorn, & Jansen, 2014) . In another study, college women were either trained toward unhealthy food or toward healthy food using the dot probe task (Kakoschke, Kemps, & Tiggemann, 2014) . Findings indicated that participants who were trained to attend to healthy food cues demonstrated an increased bias for those cues, and ate relatively more healthy snacks compared to the 'unhealthy' group on a subsequent taste test. We recently published a pilot study evaluating a one-session ABM training with 29 obese 8e12 year old children (Boutelle, Kuckertz, Carlson, & Amir, 2014) . Our data showed that children who participated in one session of ABM training, compared to children who completed an attention control, decreased their attention bias toward food related stimuli and showed differential changes in overeating in the laboratory. Interestingly, the children in the control condition ate more in a laboratory evaluation of eating in the absence of hunger after completing the attention control computer program, while children in the ABMFood training did not increase their overeating. A recent open label trial with 30 individuals with high trait food cravings using an approach-avoidance paradigm over 5 weeks showed that ten 15-min trainings reduced approach biases to food and reduced trait and cueelicited food craving (Brockmeyer, Hahn, Reetz, Schmidt, & Friederich, 2015) . We believe that these programs will be more effective with adults who binge eat, because these individuals tend to have attention biases to food above and beyond those who are overweight, have more frequent and extreme binges, and are more distressed by their binge eating.
Method

Study design and procedure
This study is an open label trial with one treatment condition, adopting a single group preepost design, to test the feasibility, acceptability and initial effectiveness of an ABM program for binge eating. Participants completed an initial screening for weight and binge eating over the phone. After the initial screening, participants attended an assessment visit and then an initial orientation to the program where they were taught about the role of food cue responsivity in overeating and how to work the computer program. Following the orientation visit, the participants attended in person visits in the clinic once a week to complete the ABM training and completed two trainings at home for a total of 8 weeks. Following the 8 weeks of ABM trainings, participants attended a post-treatment assessment and a 3-month follow-up assessment. Assessments included measurements of attention bias, weight, eating disorder symptoms, cravings, and food-cue reactivity. The post-treatment assessment also included an acceptability survey.
Participants
We recruited adult participants who were overweight or obese from listservs and advertisements in the community of San Diego, CA. The inclusion criteria for this study included: 1) overweight or obesity (25 < BMI < 40), 2) a minimum of 1 binge episode per week (by self-report). Exclusion criteria were assessed by self-report and included: 1) additional psychiatric disorders (including depression, anxiety, bipolar disorder, autism, language or speech disorder, severe brain injury, mental retardation, or psychosis) that would influence participation or limit ability to comply with the program 2) diagnoses of a serious physical disease which can influence weight, 3) medications that would influence weight and eating, 4) presence of another eating disorder (bulimia nervosa). Of note, the individual's level of binge eating was not assessed using clinical interviews.
Procedure
Participants who responded to advertisements were screened by phone for eligibility criteria by the research coordinator. All participants attended an initial assessment that included a clinical interview, behavioral tasks, anthropomorphic measures, and selfreport questionnaires. After the baseline assessment, participants returned for the first training visit and were given an orientation to the theoretical basis underlying attention training as well as the ABM-Food computer program. After completion of the 8 weeks of training (once a week at the clinic, twice a week at home), all participants attended a post-treatment assessment and a 3-month follow-up assessment.
Intervention
For this study, we used the Attention bias modification (ABMFood) that was similar to our previous study with children (Boutelle et al., 2014) . ABM-Food consisted of 24 word pairs consisting of matched food words (i.e. cake) and neutral words (i.e. pencil). Words were matched on length and readability. We chose food words rather than pictures as words have been shown to yield stronger training effects compared to picture stimuli (Hakamata et al., 2010) . Participants were presented with 192 trials that consisted of balanced combinations of a probe type ("E" or "F") and position of probe on the screen (top of bottom). At the beginning of each trial, participants were asked to focus their attention on a fixation cross, which appeared in the center of the screen for 500 ms. The fixation cross then disappeared and a word pair was presented vertically for 500 ms, following which a letter probe appeared in the location of the neutral word. The probe appeared on the screen until the participant identified the probe type. Participants were instructed to respond to the probe as quickly and as accurately as possible by pressing either the left mouse button ("E") or right mouse ("F") button to identify the letter. A 500 ms interval of a blank screen was presented before the onset of the next trial. We did not instruct participants to direct their attention away from the food words; instead, the position of the neutral word on the screen indicated the position of the subsequent probe, which acted as a contingency reinforcement such that the probe always appeared in the position of the neutral word (training attention away from food cues and toward neutral cues).
Clinic visits
Participants came into clinic one time per week to complete the training program. The first visit included an orientation to the theory behind the relationship between attention bias, incentive salience and binge eating. At this first visit, the participant was taught how to use the ABM-Food program and the ABM-Food program was loaded on his/her laptop. At the following 7 meetings, participants came into the clinic, completed an ABM-Food training, and were given a handout regarding cue reactivity and attention bias (for engagement and retention reasons). The topics included 1) How environment and biology lead to overeating, 2) The neurobiology of overeating, 3) How food cues in the environment can trigger cravings, 4) Marketing strategies and food cravings, 5) Mood and cravings, 6) Boredom and cravings. The handouts were not reviewed or discussed. All participants were instructed to complete the home sessions of ABM-Food at least twice during the week. To assure compliance, the participants were instructed to email the file of their completed training sessions to the research assistant once per week.
1.6. Measures
Eating disorders examination (EDE)
The EDE is a semi-structured interview-based eating disorder assessment (Cooper & Fairburn, 1987) . The EDE assesses the frequency and occurrence of disordered attitudes and behaviors during the past 28 days related to eating, body-shape and weight, and diagnoses. Questions pertaining to objective binge episodes (consuming an objectively large amount of food with a sense of loss of control) was used for the purposes of this study. The EDE has demonstrated high internal consistency, discriminative validity, concurrent validity, and test-retest reliability (Cooper & Fairburn, 1987; Cooper, Cooper, & Fairburn, 1989; Grilo, Masheb, Lozano-Blanco, & Barry, 2004; Berg, Peterson, Frazier, & Crow, 2012) . All interviews were completed by graduate students trained to competency and supervised by a Ph.D. level psychologist.
Eating disorders examination-questionnaire (EDE-Q)
The EDE-Q (Fairburn & Beglin, 1994 ) is a 28-item self-report questionnaire assessing disordered eating attitudes and behaviors over the past 28 days. It produces four subscales that reflect disordered eating attitudes: dietary restraint, eating concern, weight concern, and shape concern, as well as a global score (the average of the four subscale scores). Higher scores on the global score are indicative of greater overall eating psychopathology. The EDE-Q has demonstrated good internal consistency and test-retest reliability and concurrent validity (Berg et al., 2012; Mond, Hay, Rodgers, Owen, & Beumont, 2004) . We report the total EDE-Q score as an indication of overall eating disorder symptoms. In the current study, internal consistency (Cronbach's alpha) was 0.89 for the total score, 0.67 for restraint, 0.73 for eating concern, 0.66 for shape concern, and 0.63 for weight concern.
Binge eating scale (BES)
The BES (Gormally et al., 1982 ) is a 16-item questionnaire developed to assess the severity of binge eating in a continuous scale. The BES measures the behavioral features (ex. eating large amounts of food), cognitions, and emotions (ex. loss of control, guilt) related to binge eating. The BES produces a total score, with higher scores indicating increased binge eating severity. The scale has demonstrated construct validity and internal consistency (Gormally et al., 1982 ). Cronbach's alpha for the BES total score was 0.88 in the present study.
Food cravings questionnaire-trait (FCQ-T)
The FCQ-T (Nijs, Franken, & Muris, 2007 ) is a 21-item self-report questionnaire designed to assess general (non-specific) desires to eat. It is composed of four scales: preoccupation with food (obsessive thoughts regarding food and eating), loss of control (tendency toward disinhibited behavior in response to food cues), positive outcome expectancy (expectancy that eating is positively or negatively reinforcing), and emotional craving (tendency to crave food when experiencing negative emotions). The FCQ-T has shown adequate construct validity and test-retest reliability (Nijs et al., 2007 ). In the current study, Cronbach's alphas were 0.95 for preoccupation with food, 0.90 for loss of control, 0.91 for positive outcome expectancy, and 0.92 for emotional craving.
Power of food scale (PFS)
The PFS (Lowe et al., 2009; Cappelleri et al., 2009 ) is a 15-item self-report questionnaire that measures the drive to consume, rather than consumption of, palatable foods in the environment, at three levels of food proximity (food available, food present, and food tasted). It was originally validated in a sample of undergraduate students (Lowe et al., 2009 ) and has adequate internal consistency, convergent validity, and testeretest reliability (Lowe et al., 2009; Cappelleri et al., 2009 ). The total PFS scale is reported in this study. In the present study the Cronbach's alphas were 0.90 for food available, 0.80 for food present, 0.85 for food tasted, and 0.89 for the total score.
Attention bias
The dot probe paradigm was used to assess attention bias. Participants were presented with 276 trials comprised of 24 food/ neutral word pairs matched for length and readability. The assessment consisted of equal number of trials for probe type ("E" or "F"), location of probe (top or bottom), and location of food word (top or bottom). None of the assessment words were used in the ABM training program. Response latencies were recorded from the onset of the probe ("E" or "F") to the button press. We then computed a food bias score by subtracting the response latency for probes following food related words from the response latency for probes that followed neutral words. Larger positive bias scores indicate an attention bias toward food related words, while larger negative bias scores indicate an attention bias away from food related words.
Stroop
The original Stroop task (Stroop, 1935 ) is a well-established measure of cognitive interference that assesses information processing biases. The modified Food Stroop measures differences in reaction times to naming the color of the text of food-related versus neutral words. Slower naming of food words are presumed to measure attention biases for food, because attention towards food words may interfere with the primary color-naming task. Twenty highly palatable food words (eg. cake, chips) and twenty neutral words (eg., chalk, desk) were selected by investigators. Food words and neutral words were matched on word length. The task began with a practice block, followed by 4 experimental blocks of 20 trials, during which each food and neutral word was presented four times in a different color on each trial. Words were presented in the center of the computer screen in one of four colors (yellow, red, green, blue). The inter-trial interval was 3000 ms. Participants were instructed to press the key that corresponded to the color of the word. If there was no response within 2000 msec after word onset, the next word was presented after 1000 ms. Response time and accuracy were measured. Response time of accurate trials to food words were compared to response time of accurate trials to neutral words and are presented.
Anthropometry
Participants' height was measured using a standard stadiometer in duplicate and weight was measured in duplicate on a calibrated slide scale without jackets, outerwear or shoes. The average of the two values was used for analysis. Participants' heights and weights were translated to BMI (kg/m 2 ).
1.6.9. Acceptability questionnaire An acceptability questionnaire was given at the post-treatment time point that included questions about how much the participants liked the program on a 5 point rating scale ("How much did you like the 12 week ABM program?" from 1 "Didn't like" to 5 "Loved it", how helpful the participants found the program" ("How helpful did you find the ABM program?" from 1 "Not at all helpful" to 5 "Extremely helpful", if they would recommend the program to others ("I would recommend the program to others" from 1 "Strongly disagree" to 5 "Strongly agree"), and an open ended question asking what changes they noticed, if any.
Analyses
For the attention bias data, we removed incorrect response latencies and dropped the first two trials from each participant's scores. Mean response latency was calculated for each participant for probes replacing food words and neutral words before and after training. Consistent with previous research, incorrect responses were removed from analysis (22.2% of trials). Trials with extreme values (<200 ms or > 2000 ms) were also removed (3.2% of trials).
We compared pre, post, and three-month follow-up assessment measures using linear and generalized linear mixed-effects models for repeated measures. All models included dummy-coded effects for comparing each assessment to corresponding baseline values. Additionally, we evaluated relationships between change in the main outcome variables (BMI and binge eating) and change in measures of attention and food cue reactivity.
Results
Feasibility and acceptability
We enrolled 15 participants who were overweight or obese, and 9 completed the ABM training program and the post-treatment assessment. Participants who withdrew from treatment were not significantly different than participants who completed the intervention (see Table 1 ). Unfortunately, none of the participants who withdrew gave feedback as to why they did not complete the protocol. Of the 6 participants who did not complete the program, one completed the first session, three completed the first two sessions, and two participants completed four sessions. See Fig. 1 for a flow chart of participants.
The participants who completed the program were an average age of 54.2 years, 100% were women, with a mean BMI of 33.7 (See Table 1 ). On average, participants who completed the program completed 99% of the expected 8 visits in the lab and 74% of the 16 visits at home. Participants had a mean accuracy rate of 75% at baseline, 79% at post-treatment and 85% at 3-month follow-up.
In terms of acceptability, 5 out of 9 of the participants liked the program; 6 out of the 9 participants said they found the program to be "moderately", or "very", or "extremely" successful in reducing their binge eating. In terms of changes the participants noticed in their eating behavior after completing the program, four said they became more aware and mindful of their eating habits. Table 2 presents the initial effectiveness data on binge eating, eating disorder symptoms, weight, attention bias, power of food and food cravings at baseline, post-treatment, and 3-months post-treatment. There were significant within subject treatment effects from baseline to post-treatment with reductions in total binge episodes, binge eating scale scores, eating disorder symptoms and on BMI (p's < 0.05). The weight loss and BMI change data for the nine participants is shown in Fig. 2 . These effects were largely maintained through the follow-up assessment although some effects fell below traditional levels of statistical significance. We also observed significant shifts in attention bias towards food, decrease in power of food, decreased loss of control with food cravings, and a trend toward decreased emotional craving (p's < 0.05e0.07). These changes also were largely maintained through the 3-month follow-up assessment with two of the four retaining statistical significance and all four suggesting only slightly reduced effects. We did not observe significant changes in objective bulimic episodes, and the Food Stroop measure of attention bias (p's > 0.05).
Initial effectiveness
The number of ABM-Food sessions completed (median ¼ 20 sessions, 25 th e75th ¼ 16e22 sessions) was positively associated with observed decreases in BMI at the 3-month follow-up (number of sessions*time b ¼ À0.11; SE ¼ 0.05, p ¼ 0.05), but was not as strongly related at the 12-week assessment given high degree of variability (number of sessions*time ¼ À0.06; SE ¼ 0.05, p ¼ 0.28). The average BMI loss for those with less than 20 sessions was À0.61 (sd ¼ 0.71) and À0.17 (sd ¼ 1.29) for the post and 3-month assessments, and for those with more than 20 sessions was À0.90 (sd ¼ 0.82) and À1.28 (sd ¼ 1.30).
We also examined change in bias scores among those above compared to those below a median split for weight loss at the end of treatment (BMI decrease!1.1). We used linear mixed effects models to assess bias measures at two time points, post-treatment and 3-month follow-up. In the model we added a covariate term for baseline level of bias and a dummy coded index that identified participants either above or below the median weight lost at the end of treatment. We did not observe statistically significant differences in changes in bias scores among participants above or below the median for weight lost, (p ¼ 0.30). Average increases in bias scores from baseline values were 68.5 (sd ¼ 71.1) and 54.2 (sd ¼ 24.8) for participants above and below the median for weight lost, respectively. These results suggest a potential greater increase in bias among participants that had greater degree of weight loss (within subjects effect size d ¼ j(68.5e54.2)j/27.74 ¼ 0.52).
Discussion
This is the first study to evaluate the feasibility, acceptability and initial effectiveness of a computer program targeting changes in attention bias to food cues with adults who are overweight or obese and who binge eat. We found that a minimal intervention, such as an ABM-Food program, was feasible and acceptable to the majority of the participants. Furthermore, this case series suggests that 8 weeks of ABM-Food, on average, resulted in weight loss, changes in attention bias, decreases in eating disorder symptoms, and decreases in the influence that the food environment has on them. It is especially remarkable that 5 participants lost more than 6 pounds over the 8 weeks of the ABM training, with no diet or exercise recommendations. We hypothesize that the ABM-Food training program functions by decreasing attention resources to food cues, resulting in an improved ability to inhibit binge eating and overeating. However, it must also be considered that training attention in general may have improved executive control of attention and behavior, which also could have contributed to the results in this study.
Interestingly, the dot probe measurement of attention bias moved from a higher level of attention to neutral cues at baseline to greater attention to food cues at post-treatment, which was consistent for all of the cases. However, the Food Stroop measure of attention bias moved from greater attention to food cues to less attention to food cues, although it was not statistically significant. The Food Stroop results are more consistent with our hypothesis, while the dot probe results are the opposite of what we expected. It is important to recognize that attention is a complex process and neither the dot probe nor the Stroop can capture all of the intricate components of attention. The available research suggests that individuals who are overweight/obese with BED exhibit increased attention processing and engagement with food stimuli above and beyond their obese counterparts. However, as we learn more about attention biases, we are beginning to understand the nuances, and it is possible that the changes on the dot probe assessment could be consistent with an approach-avoid pattern of attention (Werthmann et al., 2011) . Additionally, it is possible that the participants were initially avoiding directing attention resources to food cues at baseline, as it was their only coping mechanism. We may have trained them to further avoid, which may have made this coping mechanism more effective, resulting in the changes in the dot-probe measurements. Finally, our dot probe measure assessed reaction time at 500 ms, which is neither a measure of initial orientation nor sustained attention processes. Future studies should evaluate assessments of orientation and sustained Invited to participate ( attention, to assist in understanding the complexities of binge eating, weight and attention bias to food cues. Noteably, participants in this study not only decreased their binge eating, but they also decreased their weight. On average, participants in this study lost 4.5 pounds over 8 weeks (range ¼ þ2 to À12.6). If this rate of weight loss continued for a year, the resulting weight loss would surpass studies of behavioral weight loss with participants who binge eat, also surpassing the observed weight losses in CBT and IPT (Grilo et al., 2011) . This is remarkable for a number of reasons. The ABM program did not include a diet or physical activity component; we specifically targeted only attention bias to food. Our hypothesis is that the decrease in weight could be attributed to decreased caloric consumption associated with the changes in attention bias, although we did not measure nutritional intake in this study. Although not conclusive, the reductions in binge eating and weight loss resulting from the 8 week ABM-Food program support the potential impact of targeting implicit cognitive mechanisms, such as attention bias, to develop novel interventions.
As in all studies, there are limitations that must be noted. First and foremost, this is a case series, and there is no control group, so we cannot rule out a placebo effect, or compare the effects of an attention control without a training contingency. Improvements on some outcomes could have reflected test-retest effects, although test-retest reliability is acceptable for EDE and self-report measures used in this study (Grilo et al., 2004; Nijs et al., 2007; Lowe et al., 2009; Reas, Grilo, & Masheb, 2006; Timmerman, 1999) . Additionally, participants were informed of the purpose of the study. A recent study found that informing participants of training contingencies and encouraging respective attentional selectivity may diminish the impact on subsequent anxiety reactivity, while still moderating attention bias on the dot-probe (Grafton, Mackintosh, Vujic, & McLeod, 2014 ). While we cannot rule out the possibility that experimental demand influenced the pattern of results, participants were not explicitly informed of the probe contingencies, nor were they instructed to actively direct attention away from food cues during training. We hypothesize that these factors decreased the likelihood of participants' understanding of demand characteristics, and specifically how to execute such demands via task performance. Of note, CBT and IPT for binge eating, and behavioral weight loss for obesity, target overeating and/or binge eating explicitly. If the results of this ABM study were due to demand characteristics, the same demand characteristics would function in talk therapies.
Importantly, there was significant dropout in this study. We hypothesize that the ABM-Food program was too novel for those who wanted more traditional binge eating or weight loss programs, was not engaging enough, was perceived as having low face validity, or was not effective in those who withdrew. It is possible that participants who withdrew did not accept the rationale of the ABM-Food training program and its potential impact on binge eating and weight loss, reducing motivation to continue in the program. More research is needed to investigate whether and to what extent informing participants about the task (purpose, probe contingencies) influences task performance on training attention bias to food cues. Efforts will need to be directed to identifying how to engage participants without influencing demand characteristics, which is incredibly challenging when recruiting clinical populations who want to reduce binge eating and/or weight. However, despite the inherent limitations of a case series, these data suggest that the utilization of ABM-Food to decrease binge eating and weight is plausible and worth additional larger-scale trials. This is the first study to evaluate an ABM-Food program to decrease binge eating and weight in individuals who are overweight/obese. The ABM-Food intervention is a minimal intervention, and includes 24 10-min computer sessions over 8 weeks, with the majority at home. These sessions were completed mostly accurately, were acceptable to participants, and required minimal time, training and resources from clinicians and participants. Given these features, ABM interventions could have the potential to impact a greater proportion of the adults who binge eat if these studies are replicated in randomized controlled trials. As discussed, many participants do not respond to CBT or IPT and the majority of participants in CBT or IPT do not lose weight, and still experience the medical comorbidities associated with obesity. Brief, easilydisseminated cognitive bias modification interventions may reduce barriers to accessing evidence-based care for binge eating, and provide additional treatment options to overweight participants with binge eating that could result in weight loss.
